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This project was pursued to bring another possible solution to a major problem within the pilot 
training industry.  When it comes to pilots training with aircraft, they must often use repurposed older 
aircraft to log their training hours.  With few options when it comes to aircraft that are designed 
specifically for training, we have researched, modeled, and simulated tests for our own trainer jet to add 
to the market.  The aircraft was designed to seat 4-8 people (1-2 for crew and 2-6 for passengers), weigh 
less than 10,000 lbs., have a range of about 1195.5 nautical miles, have a max service ceiling of 20,000 
ft, reach a max Mach speed of 0.7, and have an endurance of about 5 hours of flight time.  The aircraft 
was also designed with these parameters to qualify it as a Very Lightweight Jet (VLJ).  For us to deem this 
project a success we sought to not exceed the weight limit for a Very Lightweight Jet, have the aircraft 
produce more thrust than drag so that it will be able to takeoff, produce enough lift to maintain level 
flight at lower speeds to be considered a category A or B aircraft, and not have an overly complex 
operating system or too unstable aerodynamically to fly safely.  We conducted research on many topics 
by reading various research papers and articles to understand different approaches to the trainer jet 
problem in the past as well as become more informed of how our project is a justified solution.  A 
mission profile was produced so that the aircraft’s intended use would be easily defined.  We amassed a 
budget to estimate how much production of our trainer jet would cost.  Hand sketches were drawn 
initially for design purposes, and they were used further to produce the 3D model with which 
simulations were conducted upon.  Trade studies on range and weight were conducted for optimization 
purposes and possible improvements in the future.  Extensive calculations were done to determine the 
aircraft’s aerodynamic performance including engine selection, thrust installation corrections, 
propulsion data, and optimal airfoil selection.  More aerodynamic performance calculations were 
conducted to gather the trainer jet’s cruise speed, takeoff and landing distances, wing loading, thrust to 
weight ratio, and more.  These calculations done by hand and using spreadsheets and compared with 
our simulations.  We were able to create simulations for the trainer jet in a 3D modeled environment.  
These simulations also allowed us to see the trainer jet’s pressure concentrations.  With the completion 
of this project we were able to produce an aircraft under the 10,000 lbs. weight limit with it being at 
4,725 lbs.  It has a range of 1504.9 nautical miles, a cruise speed of 562 ft/s (Mach 0.5), max speed of 
787 ft/s (Mach 0.7), and flight time of about 5 hours.  Throughout the project, we were able to learn a 
lot about aircraft production, the importance of calculations and comparing them to simulations which 
would then be compared to real life testing, the cost of producing an aircraft, and how much detail goes 
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Chapter 1: Introduction 
1.1 Introduction 
Currently, no small “transition” jets are manufactured exclusively for pilot training; most are 
standard jets modified for training purposes.  Though this has been a functional approach, there is truly 
not a lightweight trainer jet that bridges the gap between flying turboprop engines and flying large jet 
aircraft.  With this need defined, the focus of this project was to conceptualize and successfully design a 
very lightweight jet (VLJ) aircraft that would be adequate for training purposes and gaining experience 
prior to flying larger and faster jets.  In addition, this design could be used to fulfill extra pilot 
qualifications, including but not limited to high performance (must have experience flying supersonic 
speed aircraft) and high altitude (experience flying in a pressurized aircraft).  Pilots need to log “turbine 
time” into their flight log books, logging thousands of hours before receiving certification.  This jet 
design will qualify for pilots to log “turbine time” for hours flown in this lightweight jet.  Other 
applications include the design potentially opening an avenue for pilots to obtain jet flight training prior 
to signing with a company, or for companies to train their pilots before putting them in larger aircraft to 
build and strengthen fundamental skills. 
1.2 Overview 
Qualifications for the design of the jet include but are not limited to:  
• Seat capacity of 4-8 (1-2 Crew, 2-6 Passenger)  
• Maximum takeoff weight of 10,000 lbs. (4540 kg)  
• Single pilot operation capability  
In addition, the jet must be capable of a range of 1195.5 nautical miles, reach a max service 
ceiling of 20,000 ft, have a payload capacity of 200 lbs., reach a max Mach speed of 0.7, and cruise at a 
minimum speed of Mach 0.5.  The jet must also achieve an endurance of 5 hours of flight time.  With the 
performance requirements set, a simple cruise mission profile was selected for the jet. 
1.3 Objective 
The overall objective of this project was to conceptualize, design, and present a trainer jet that 
qualified as a very light jet (VLJ).  The aircraft must meet the qualification standards to be considered a 
microjet. 
1.4 Justification 
Our main reason of designing Phoenix IV is because there are not enough VLJ trainers.  They are 
a very niche sub-genre of aircraft to put it mildly.  VLJ are vastly used for private jets and other uses, but 
there are very few if any specifically made for training in mind.  With our approach of focusing on 
producing an option for pilots to log hours on an actual jet aircraft for their licenses, we will show just 
how needed our Phoenix 4 is. 
  




1.5 Project Background 
The project must be carried through the conceptual, preliminary, and detailed design phases. 
Each team must build and test a prototype according to the design specifications selected.  Teams were 
encouraged to seek funding / sponsorship from related private industry and government organizations 
to help support their project.  A single overall report was required from each group that details the 
team’s work and integrates the various components into the complete design.  The entire group was 
responsible for ensuring the project organization and completeness.  Submission of the design project 
and prototype is mandatory.  A complete project must include building, testing, and evaluation of the 
prototype. 
1.6 Problem Statement 
The two main problems we are facing today is that there is not a cheap way to produce VLJ 
trainers and there are not many if any at all.  We have huge hurdles to jump over when it comes to cost.  
Research had to be conducted to determine the best price possible for each of our aircraft’s 
components.  We needed to make sure everything we did was with instructors and trainees in mind so 
that there is an easier transition. 
1.7 Minimum Success Criteria 
For this aircraft design to be considered plausible, the aircraft must meet a set of requirements.  
First, it must not exceed the weight limit for a very light jet aircraft.  Secondly, the aircraft must produce 
more thrust than drag so that it would be able to accelerate to take off.  Thirdly, the aircraft needs to 
produce enough lift such that it can maintain level flight at lower speeds and could be considered a 
category A or B aircraft based on approach speeds.  Finally, the aircraft must not become so complex to 


















Chapter 2: Literature Review 
The following article summaries are referencing articles that reinforce how important it is to 
help pilots find a cheap and effective way to get piloting hours on a jet.  Each article addresses different 
aspects on the difficulties of transitioning between a prop aircraft and a jet and how much time you 
need to sink into that endeavor.  Between the FAA requirements, the benefits, and the experiences, 
there is a lot a pilot must address and think about before the switch. 
The article by J. McClellan explains the various steps for aircraft to become a single-pilot jet 
citing the FAA inspectors’ requirements.  He even goes into what pilots will experience in the transition 
between propeller airplanes to jets.  He explains what will feel different and what will be the same in 
certain cases.  From fuel management to how jet flying is 100% instrument flying, he describes how 
much more you will need to be doing while flying a jet aircraft.  He goes into depth on how a higher level 
of pilot training and experience is needed since jets are certified to a higher standard of potential safety 
than propeller airplanes are.  He even briefly touches on the FAA requirements when it comes to the 
differences in pilot ratings between jets and propeller aircraft. 
The article by Thomas Turner talks reviews ways on how to go about jet training and 
transitioning from small trainers to a single-pilot jet.  It explains how to get certified and goes over some 
history on how you used to get certified.  It goes over the various techniques and steps on how to get 
yourself trained for jet aircraft.  It even touches on how it is becoming more common place for pilots to 
fast track themselves directly from their first airplane to a jet with the introduction of the Eclipse 500 
and the Citation Mustang; both of which are Very Light Jets. 
It also discusses if it is better to incrementally earn experience and hours or go straight from the 
trainer aircraft to a single-pilot jet without years in between.  They conclude that it is possible if money 
time were not an issue then you could train everyday like an Airforce Pilot, but there was no guarantee.  
In fact they reenforced that if you have an attitude of continuous learning, with a commitment to study 
outside the cockpit every week, unfailing commitment of time and money to regularly scheduled 
training, extreme discipline to fly to standard and better, complete fluency with the avionics: no 
fumbling with buttons, no “what is it doing now?” moments, and ability and willingness to fly very 
frequently, two or more days a week you will have success in your transition. 
The article by Tim Plaehn explains how many hours to get a license to be a pilot whether it is 
commercial or for an airline specifically.  This is only to be a pilot and not a captain.  For a commercial 
license, the minimum flight hours are 250.  For an ATP license, you need to have a minimum of 1,500 of 
flight hours.  These hours are minimum of 500 hours for cross-country flight, 100 hours of night flying 
and 75 hours of instrument flight.  Certain airlines will require extra hours in certain aircraft like 200 
hours of multi-engine time. 
This article by Swayne martin reveals his list of benefits of flying a Jet versus a Piston airplane.  
There's no reciprocating motion in turbine engines, so vibration is reduced.  This eases wear on engine 
components.  The typical TBO (Time Between Overhaul) on a Cessna 172 engine is around 2,000 hours, 
whereas a typical jet overhaul is done at well over 10,000 hours.  Gas turbine engines produce constant 
power, while 1/4 of the strokes produce power on a 4 cylinder reciprocating engine.  Like a natural 
turbocharger, ram recovery in jet engines starts at about 60 knots, where air density begins to be 
recovered due to a higher speed and compression of intake air.  The ram recovery example stated above 
is one reason why jet engines can fly to a higher altitude. This means weather avoidance, strong 
tailwinds (or headwinds), and more efficiency.  The power to weight ratio produced by a reciprocating 
engine, like one found on a C172, is much smaller than that on a turbine engine, where significantly 




more power is produced per pound of weight.  These benefits will reinforce why more pilots should 
switch to Jets as soon as they can. 
This article by Dick Karl explains the training methods you can use in transitioning to a turbine 
engine.  These methods include “In-Airplane” and “Classroom” training.  While doing In-Airplane 
training, the instruction is almost always one-on-one.  This allows you to ask questions without risk of 
embarrassment in front of other classmates.  There is no rush.  You will learn to use your radios and 
flight management system.  The FMS familiarization is key, and an instructor knowledgeable about your 
box is a highly valuable aspect of in-airplane training.  There are some disadvantages to in-airplane 
training.  Things go by very quickly.  Under the hood, a small suggestion about power settings can be 
disorienting if you are trying to capture the ILS in a tough crosswind.  There is no freeze-frame button on 
your new jet.  Type ratings have been described as akin to “drinking from a fire hose.”  In this case, the 
drinking takes place in the air, in real-life conditions.  It can be too much, too fast at times. 
One of the most unexpected rewards of the classroom is the presence of fellow aviators who 
are there for the same reason you are.  The simulators come close to real life, especially the level-D 
sims.  Within a few minutes, you are unaware you are actually tethered to the ground in a box on legs.  
By the time you get that fire out, go on single engine missed approach and get her back down to 
minimums, your legs can be jiggling on the rudder pedals out of real anxiety.  Even the thump of the 
nosewheel on the centerline lights is realistic.  For all that realism, though, you are dimly aware, in the 
back of your mind, that “I can’t really get killed in this thing.” 
The article summaries below discuss the type of landing gear to use on the aircraft. All the 
articles discuss reasons for using the proposed landing gear system on the design aircraft. The landing 
gear system performs several important roles in the performance of an aircraft so therefore, in a ground 
up aircraft design, it is critical to consider the effects aircraft subsystems have one each other, in this 
case working from the ground up. 
In the article written by Swayne Martin, it addresses the fact that many on other aircraft use a 
trailing link landing gear design, aircraft such as: Embraer EMB-135/145, Pilatus PC12, Bombardier CRJ-
200, Cessna 421C Golden Eagle, and Cirrus Vision Jet. This list includes aircraft both larger and smaller 
than the proposed aircraft, but all are similar in mission profile and performance. The Cirrus Vision Jet, 
specifically, has a similar engine placement, payload capability, and weight, leading to a case for 
following previous designs instead of creating a new one. 
When looking at the article by Ian Twombly, it discusses the two alternative landing gear options 
and how they are inefficient in absorbing the energy of landing compared to the trailing link design. 
“The steel gear on a Cessna 172 has a tendency to spring like a trampoline, while the oleo (air and oil 
mixture) strut of a Piper Cherokee is more prone to solid and stiff arrivals.” On those light, single-engine, 
piston aircraft, landing speeds are slower and the force the aircraft transfers to the landing gear is less 
than would in the proposed jet.  
The report conducted by the Rand Corporation in 2005 titled “Assessing the Impact of Future 
Operations on Trainer Aircraft Requirements” highlights the major issues that we still face today. It 
explains how with new aircraft being developed and costing more due to advancements in technology 
as well as modern planes becoming outdated more and more each day, the need for a cheaper way for 
pilots to gain log hours is more prevalent than before. It talks about the process in which trainer pilots 
would start in T-37s for subsonic flight and then transition to T-38s for supersonic flight. Those planes 
have been in service for quite some time and are slowly being retired, if not already, and replaced by 
newer trainer jets like the T-45 Goshawk and T-38 Talon. It also predicts that trainer jets like the T-38 




Talon will be in service for use up until early 2020 and only continue to be used “If Sustained” as shown 
in one of its tables. 
The article “Analysis of Modern Military Jet Trainer Aircraft,” conducted by the National Institute 
for Aerospace Research and written in 2018, follows up with the exact aircraft set to replace the T-38 
Talon.  It describes a jet trainer aircraft by Boeing called the T-X. Its features include “Stadium seating” 
to allow for optimal trainee and instructor setup. The article also explains a few other features that 
make the jet an excellent design for training including, twin tails to allow superb control, integrated 
speed break functionality, and even a safer way to refuel while in flight. It also features advancements in 
avionics and a large display area for trainees and instructors to have the utmost range in training 
capabilities. The article also provides its view on trainer aircraft specifications that are the most optimal 
in replacing the current trainer jets in use. 
The fact of the matter is that the industry is still developing and changing, so newer pilots need 
faster and cheaper ways to log flight hours without having to use older aircraft that may not be available 
or maintenance for them is becoming more expensive than they are worth. The report by the Rand 
Corporation suggested that reviewing the changes like a demand for all pilots to receive the same type 
of flight training due to the increased use of Unmanned Aerial Vehicles and reassessing the economics of 
said training will help in providing better and less expensive training for new pilots. The article gives 
current specifications and descriptions on trainer jets being developed today. Both the report and the 
article say that the time in now for newer trainer jets to be introduced. Incorporating ideas of the past 
and present will aid in creating a better trainer jet for logging flight training hours. 
In the article “Very Light Jets in the National Airspace System” a discussion is made of the issues 
of implementing Very Light Jets into the industry. It highlights many of the issues at the time of its 
publication in 2007. It states that the potential problems that the Very Light Jet pilots would be facing in 
the future as the industry grows. These problems included poor crew/single pilot resource management, 
low funds, poor preflight planning, and other issues related to low training and aircraft performance. 
This prediction is somewhat verified by one of the aircraft new at the time, the Eclipse 500, which 
almost had an accident due to the engines achieving maximum power while trying to land. The pilots 
followed the normal procedure in the landing conditions they were in, but the plane malfunctioned as a 
result. All the Eclipse 500s had to be grounded following the incident, and no more were produced due 
to costs and lawsuits.  
     In the journal, “Very Light Jets: Requirements for Pilot Qualification and Collegiate Aviation’s 
Role,” research is conducted to see what the requirements are for pilots looking to fly VLJs for air taxi 
and manufacturing companies. Interviews were conducted with senior flight operations staffs at two air 
taxi operators and three VJL manufactures. They said that the requirements for pilots to fly VLJs for the 
most part are already met by most pilots in commercial operations. They said most pilots with the status 
of Captain or First Officer were finely trained. However, innovative mentoring programs and routine 
training needed to be conducted for single-pilot VLJ commercial use was not being maintained due to 
most pilots being Captains or First Officers. This shows that people who are already qualified can fly 
these planes for these companies, however newer pilots could not do so because they were not getting 
the proper training needed to qualify for flying these planes. A trainer plane for single-pilot VLJs could 
be more useful for this industry seeing that they can get pilots tailored just for this job, and not have to 
depend on Captains or First Officers who technically qualify, but may be better used elsewhere. 




The article conducted research by gathering data on 4 types of aircraft (advanced single-engine, 
light twin, business jet, and turboprop) over the course of 1 year between July 2005 and June 2006. 
About 388 reports were studied, 218 from NTSB (National Transportation Safety Board) accident reports 
and 170 ASRS (Aviation Safety Reporting System) reports. One of the topics that was specified in the 
research were accidents between the 4 types of aircrafts in those reports. They connected data in which 
many of the accidents reported had pilots that had between 1-9000 hours of experience logged. This 
shows the importance of getting hours of experience prior to making regular flights seeing that 253 of 
those 388 flight reports were General Aviation flights with the other 134 being professional flights. 
In Winter’s paper, “Implementing Jet Aircraft Training in a University setting” from Purdue 
University, a phenomenological study is conducted where 4 flight instructors trained college students in 
an actual jet aircraft. In the past, jet training has been done only on a simulator. All 22 students and 
instructors were surveyed at the beginning, middle, and end of the 16-week semester. Afterwards, an 
interview was conducted. Based on this, students exceled in checklist usage, standard operation 
procedures, and avionics programming. The challenge was the high jet speed, but this is something jet 
pilots will have to master. 
In Albon’s article, it is stated that the Air Force is thinking about developing a very light jet to 
replace its T-1A trainer and C-21 airlifter. The RFI lists several performance requirements including being 
configurable for dual-pilot operation but be a single-pilot capable with a minimally qualified crew 
member in co-pilot seat. In 2012, Air Education and Training Command requested RFI to seek market 
research on the possible efficiencies of a VLJ. AETC said the Air Force would not release any details until 
FY-15 defense authorization legislation is in place. There are 178 T-1A’s and it's expected to remain in 
service through 2034. The C-21 is soon to retire with 56 aircraft in 2010 to 19 in 2014. 
The article by Coleman talks about the pilot training of very light jets. The research was 
conducted to determine if the voluntary Federal Aviation Administration Training Standards (FITS) and 
Controlled Flight into Terrain (CFIT) were included in the training program. 25 pilots were studied. 22 
reported they were familiar with FITS and 23 with CFIT. Unlike other professionals, these pilots are 
willing to accept change if they think it will improve safety. Safety is the number one priority and the VLJ 
training should always provide that. 
“Aircraft Systems Engineering: Cost Analysis” is an in-depth analysis done on the cost of an 
aircraft. The lifecycle cost starts from design, manufacture, operation, and lastly disposal. 85% of 
lifecycle costs is locked in by the end of preliminary design. Non-recurring costs include engineering, 
tooling, and development support and flight testing. Recurring costs include labor, material, and 
production support. Cost modeling is done where an aircraft is broken down into modules (inner wing, 
outer wing, empennage, etc.). An aircraft typically takes 6 years to develop. During the middle of this 
period is usually when cost reaches its peak. 
Kluga did research on improper wing management in the flight training environment. Aircraft 
accident data involving the mismanagement of the wing flaps as a cause/factor were analyzed and 
typical accidents were studied. The accident data show that a relatively high number of flap-related 
accidents occur and with dangerous consequences. “It is recommended that aviation educators allocate 
more time to teaching flight students how high drag affects various flight operations, how sudden 
pitching moment changes can severely affect aircraft trim, and how to use flaps properly for all phases 
of flight operations: normal and high performance takeoffs; go-arounds; approaches and landings in 




normal conditions, in turbulence, in strong crosswinds, and in strong headwinds; and emergency 
approaches and landings.” 
  In this research article by C. Priyant Mark and A. Selwyn, an annular combustion chamber for a 
low bypass turbofan engine is designed and analyzed. Such an engine is designed for the purpose of use 
in trainer jets. The initial design parameters for the engine were set, but the focus was on the 
compressor exit and turbine inlet constraints. Those constraints were factored into the 
calculations which were used for aerodynamic performance analysis and modelling. The engine was 
modelled using Siemens NX 8.0 and from there the calculations for analysis were done using CFD code 
ANSYS 14.5 CFX. In doing so, the SFC was able to be reduced by regulating rising temperatures across 
the combustor.  In the end the engine met all initial design parameters and was designed to be one of 
the most efficient combustion chamber designs for jet trainer aircraft. 
In the research paper by Kubrynski, he discussed the structural layout and aerodynamics of a 
highly maneuverable trainer jet. He focuses on ensuring characteristics that the airplane will have when 
considering the wide range of angles of attack that are necessary for a trainer jet. He also concentrated 
on specific aerodynamic qualities at high transonic speeds for the trainer jet. A CAD model was 
produced using Simens NX. Said model was printed and tested via low-speed wind tunnel tests at 
Warsaw University of Technology as well as computer simulations. In testing the model, he found data 
necessary to produce parameter ranges that will help define Lateral Control Departure which aids in 
finding when the aircraft will have desirable and undesirable dynamic behaviors. One problem 
mentioned was that the 3D model scaled down for wind tunnel testing produced different aerodynamic 
results. It is a factor to consider when conducting real life tests vs simulations. He conducted his 
simulations using ANSYS CFX software and was able to test the different aerodynamics effects on the 
trainer jet at different angles of attack. When the research was completed, he found that almost 
everything in the simulations were able to work properly, however the main drawn back was the lack of 














Chapter 3: Problem Solving Approach 
3.1 Problem Solving Approach 
Our process follows the standard phases of design.  We have completed the Conceptual Phase, 
Preliminary Design Phase, and the Detailed Design Phase.  
In the Conceptual Phase we conducted calculations for the initial size and weight as shown 
below.  We have our mission profile, itemized budget planned out, as well as the general design of the 
aircraft including wing and tail geometry, fuselage shape, internal locations of crew, landing gear, and 
engine placement.  Trade studies were conducted to understand how the jet performs and compare 
what changes could be made if we were to focus on different aspects of the jet such as changing the 
range or payload.  A 3D model has also been produced in SolidWorks, which completed the Conceptual 
Phase. 
From there we began the Preliminary Design Phase.  We read and conducted literature reviews 
to get a better understanding of our project’s application in the real world, the problems it solves, and 
how other people are trying to solve the same problem.  We continued to work on the model to add 
more detailed specifics to the design.  We conducted more research on the design choices we have 
made at the time and worked to calculate their effect on the jet’s performance to use in comparison to 
simulations that we conducted in SolidWorks for better understanding. 
The final step was the Detailed Design Phase wherein we finalized our design and any 
information about it as far as final cost and whether we are above or below our intended budget.  We 
wanted to produce a 3D printed model of the jet aircraft but were unable to do so due to the 
precautions set in relation to COVID19.  If we continued regardless of the precautions, we could have 
been able to conduct tests with the 3D model to further our understanding of how it works in real-world 
applications.  With this information we finalized our project and concluded all the information gathered 
in order to produce a presentation explaining our findings. 
  





The required qualifications to be considered a microjet include but are not limited to:  
• Seat capacity of 4-8 (1-2 Crew, 2-6 Passenger)  
• Maximum takeoff weight of 10,000 lbs. (4540 kg)  
• Single pilot operation capability  
In addition, the jet must be capable of a range of 1195.5 nautical miles, reach a max service 
ceiling of 20,000 ft, have a payload capacity of 200 lbs., reach a max Mach speed of 0.7, and cruise at a 
minimum speed of Mach 0.5.  The jet must also achieve an endurance of 5 hours of flight time.  With the 
performance requirements set, a simple cruise mission profile was selected for the jet and is depicted in 
Figure 3.2-1 (below). 
 
 
Figure 3.2-1: Mission Profile 
• Takeoff Distance (Ground Roll): 1235.2 ft 
• Landing Distance (Ground Roll): 1334.6 ft 
• Climb Rate: 1526.4 ft/min 
• Cruise Speed: 562.66 ft/s 















3.3 Project Management 
Table 3.3-1: Project management 
Overall Milestones Goals Deadlines Assigned Tasks 
• Complete the PDR 
• Complete the IPR  
• Complete Testing 
• Fully Polished CAD 
• Complete the CDR 
• Complete the FDR 
• Continue Testing 






To Do Before SEPT 13th: 
- Literature Look up 
- Make sure to rewatch PDR Video to 
see what else needs to be done in 
depth. 
 To Do Before SEPT 15th: 
- Fill in the rest of the PDR 
- Start/Finish PP 
 To Do ON SEPT 16th: 
- Meeting Time 
- Record Presentation 
Absolute DEADLINE SEPT 17th 5:00pm 
- Meeting Time 
- Record Presentation 
IPR 
To Do Before OCT 8th: 
- Additional Literature Look up 
- Make sure to rewatch IPR Video to see 
what else needs to be done in depth. 
 To Do Before OCT 10th: 
- Graphics: Updated Model / Sims 
- Updated Budget 
- Updated Report 
- Start on PP 
 To Do ON OCT 12th: 
- Fill in and Fully Update PDR to IPR 
- Finish PP 
- Finish Gantt Chart 
To Do ON OCT 14th: 
- Meeting Time 
- Record Presentation 
Absolute DEADLINE SEPT 15th 5:00pm 
- Meeting Time 






• Eric: 2 Literatures 
• Daniyel: 2 Literatures 
• Navee: 3 Literatures 
• Saxton: 3 Literatures 
• Group: Complete PP 
• Group: Record 
IPR 
• Eric: Update Solidworks 
Model / Run Flow and 
Static Sims 
• Daniyel: 2 Literatures / 
Assist in Budget Update 
• Navee: 1 Literatures / 
Update Budget 
• Saxton: 2 Literatures / 
Update Tables and Graphs 
/ Include explanations and 
summaries / Construct 
Gantt Chart 
• Group: Complete Report, 
PP, and Record. 
CDR 
• Eric: Update SolidWorks 
Model / Run Flow and 
Static Sims / Updated 
Minimum Success Criteria 
• Daniyel: 2 Research Papers 
/ Hand Calculations / 
Updated Mission Profile 
• Navee: 2 Research Papers 
/ Update Figure and Table 
Descriptions 
• Saxton: Aero and Prop 
analysis / Results and 
Discussion / Update Gantt 
Chart / Specify Airfoil 
• Group: Complete Report, 
PP, and Record. 





To Do Before OCT 29th: 
- Daniyel 2 Research Papers 
- Navee 2 Research Papers 
To Do Before NOV 7th: 
**Graphics: 
- Eric: COMPLETED SolidWorks Model 
- Eric: Run Flow and Static Sims 
**Report: 
- Navee: Add/Update the Descriptions 
to each figure/table 
- Saxton: Results and Discussions + 
Basic aero/prop analysis + Specify the 
airfoil and show its info 
- Daniyel: Mission Profile (include 
takeoff distance, climb rate, cruise 
speed and range etc.) 
- Eric: Minimum Success Criteria 
**Hand Calculations: 
- Daniyel: Verification of Propulsion and 
Lift Calculations 
- Daniyel: Wing Loading, T/W, Takeoff 
Weight, and Performance 
- Eric: Layout Design 
-  Start PP 
To Do ON NOV 9th: 
- Update the CDR 
- Finish PP 
To Do ON NOV 11th: 
- Meeting Time 
- Record Presentation 
 
This entire project was quite the task to manage.  There were a lot of ups and downs, but in the 
end, each of the assigned tasks were completed.  The overall milestones achieved on time, and each 
team-member is adequately pulled their weight and helped whenever possible.  The goals of PAC are 
now completed as we have finally reached the FDR.  Above is Table 3.2-1 which displays these Overall 
Milestones, and Goals in depth.  The Deadlines and the Assigned Tasks are sectioned off into each major 
step of this entire project. 
  





Each team member had a list of responsibilities.  These responsibilities were in conjunction with 
the skill set of each member.  These tasks included but are not limited to Budget Management, 
Calculations, Research, and Component Selection.  The core responsibilities did not change, but no team 
member was unwilling to help each other in the situation when all hands were needed.  While task 
designation has always intended to be fair, life is not always fair to most so each team member had 
secondary tasks that has helped share the load of life.  Table 3.3-1 (below) shows every member’s 
overall responsibilities throughout the entire project. 
Table 3.4-1: Responsibilities 
Title Name Primary Tasks Secondary Tasks 
Product Manager Saxton Robinson - Task Delegation 
- Schedule Management 
- Budget Management 
- CAD Assistance 
- Calculation Assistance 
- Calculation Inspection 
- Component Selection 
Chief Engineer Eric Gentry - CAD 
- Pilot Consultation 
- Research Assistance 
- Calculation Inspection 
Research Advisor Navee Cheng - Component Research - Budget Research 
- Component Selection 
Master Calculator Daniyel Holmes - Calculations - Development 
Research 
- Resources Research 
3.5 Schedule 
Table 3.5-1: Full Scheduled Tasks 
Scheduled Tasks 
Start on Final CAD 
Start on Final Testing 
Compile Complete List of Components 
PDR 
Continue Testing and CAD work 
Research Improvements on Components 
IPR 
Analyses 








As stated in the previous iterations of the final report, the full schedule will be shown with 
past/completed tasks crossed out.  The major tasks that were needed to be done before each major 
deadline are displayed in this completed schedule.  Above, Table 3.4-1 displays this full schedule. 
 
3.6 Budget 
When creating a budget, it is imperative that it is itemized.  This has helped guide the project 
financially and shows where expenses are adding up.  Amendments to the budget and reallocation of 
funds might be necessary in the future, but so far, the budget research conducted shows that Phoenix IV 
is on track. 
3.6.1 Total Budget 
$1.4 Billion was allocated as our total funds.  These funds include Certification, Development, 
and Manufacturing. 
3.6.2 Itemized Budget 
Certification: $50 million 
Development: $1,301.7 million 
Manufacturing (labor, materials): $48.3 million 
Table 3.6-1: Itemized Development Budget List 
    Engineering Mechanical Equipment Tool Design Tool Fab Support Total 
 40% 10% 10.50% 34.80% 4.70% 100% 
Wing $104.13  $26.03  $27.34  $90.60  $12.24  $260.33  
Empennage $46.86  $11.72  $12.30  $40.77  $5.51  $117.15  
Fuselage $192.65  $48.16 $50.57  $167.60  $22.64  $481.62  
Landing Gear $5.21  $1.30  $1.37  $4.53  $0.61  $13.02  
Installed Engines $41.65  $10.41  $10.93  $36.24  $4.89  $104.13  
Systems $88.51  $22.13  $23.23  $77.01  $10.40  $221.28  
Payloads $41.65  $10.41 $10.93  $36.24  $4.89  $104.13  
Total $520.67  $130.17  $136.68  $452.98  $61.18  $1,301.67 
Development of multiple aircrafts is an incredibly expensive process so to explicitly show every 
item that is receiving money is important.  This shows transparency to both potential investors and 
customers.  Table 3.5-1 (above) shows an itemized list of components with regards to development 
costs.  Figure 3.5-1 (below) presents the makeup of each component in relation to the total 
development cost.  All currency amounts are in millions (×106). 





Figure 3.6-1: Development Cost Model 
 
Table 3.6-2: Itemized Manufacturing Budget List 
   Labor Materials Other Total 
Wing $8.83  $2.96  $1.28  $13.05  
Empennage $3.35  $1.00  $0.48  $4.83  
Fuselage $9.50  $2.66  $1.37  $13.53  
Landing Gear $0.70  $0.64  $0.10  $1.45  
Installed Engines $2.88  $1.05  $0.42  $4.35  
Systems $2.02  $0.58  $0.30  $2.90  
Payloads $3.82 $0.94  $0.56  $5.32  
Final Assembly $2.59  $0.18  $0.13  $2.90  
Total $33.69  $10.02  $4.64  $48.33 
Items such as Landing Gear, Fuselage, and the Wing are no simple task to manufacture.  It is an 
expensive and labor-intensive process.  This process is not free and will take millions of dollars to 
achieve.  Finding the right people for the job and making sure they are paid fairly takes money.  Even 
with the best people for the job, if they are not paid correctly then they will not stick around to finish 
their work.  Table 3.5-2 (above) shows an itemized list of components with regards to manufacturing 
costs.  Figure 3.5-2 (below) presents the makeup of each component in relation to the total 
manufacturing cost.  All currency amounts are in millions (×106). 
 




Figure 3.6-2: Manufacturing Cost Model 
3.7 Materials Required/Used 
• MATLAB 
• SolidWorks 




3.8 Resources Available 
SolidWorks was the primary program used to model and test the aircraft in a computerized 
environment.  It allows for detailed creation of individual parts such as the wings and fuselage, and then 
allows us to go further and assemble the parts together into one model.  Multiple tests can be 
conducted on the individual parts and the full assembly, allowing us to see a simulated example of how 
the aircraft will perform in flight conditions. 
The Aerospace Lab in the Engineering Technology Center would have been a great resource to 
use for the design of this aircraft.  It has computers that have software that would have enabled us to 
further conduct experimental simulations that can further our understanding of how the aircraft will fly 
or what changes need to be made in order to improve its faults.  The lab also has a small wind tunnel 
that we could have possibly tested a small 3D model within. 
The 3-D Printing Lab in the Engineering Technology Center was another great resource.  We 
could have used it to make a 3-D model of the aircraft, which would be used for testing purposes.  
Having a 3-D model would make connecting the computer simulations to real life simulations possible.  
Checking our calculations in a computerized and real-life simulation was key. 
Aircraft Design: A Conceptual Approach was used for information and research purposes.  It has 
a guideline on how to build an aircraft as well as an example, so it was an important resource.  It also 











Chapter 4: Design Concepts and Trade Studies 
4.1 Design Concepts 
 
Figure 4.1-1: Initial Sketch 
 
The original design for the aircraft featured a conventional tail design and engine mounted in 
the rear of the fuselage.  This had the advantage of reducing any pitching moments. However, it would 
make routing air for the intake difficult and would not leave a lot of room for the control cables without 
enlarging the fuselage. 
 
Figure 4.1-2: T-tail Config 
 
Another idea was to use a T-tail design and use under wing inlets.  The under-wing inlet design 
was abandoned because it would be more susceptible to foreign object debris (FOD) ingestion.  The T-
tail was also deemed unnecessary because the control surfaces would not have interference from the 
wing in the conventional configuration and it added extra weight. 
 
 





Figure 4.1-3: Inlet above fuselage 
 
Going to the extreme opposite of the underwing design, the conventional tail design was 
reintroduced, but the inlet was moved to the top of the fuselage.  This allowed clean air into the engine 
and minimized the likelihood of FOD ingestion.  However, while doing research on aircraft with this 
configuration (SF50), it was decided that the pitching caused might be a concern and the S-ducting 
would be difficult to inspect and maintain. 
 
 
Figure 4.1-4: Inlets above wings 
 
  




In an attempt to reduce the thickness of the rear section of the fuselage, the engine was 
relocated so that the exit nozzle would be below the tail cone.  The inlet was also relocated, this time to 
the fuselage above the wing.  This engine location was very promising and so this was decided as the 
final location of the engine.  The inlet location, however, was in a low pressure, high velocity area, and 




Figure 4.1-5: Inlet before wing 
 
The final decision on the inlet location was to move it forward of the leading edge of the wing, 
such that the airflow would be unaffected by the pressure changes on the wing surface.  This design is 
similar to the inlet design of the Diamond D-jet, an aircraft of comparable size. 
 
  




4.2 Trade Studies 
4.2.1 Range Trade Study 
One of the trade studies we had to conduct was to show what would happen if we increased our 
aircraft’s range.  This increase in range will help broaden our aircraft’s capabilities and potential buyers.  
The increase in range does not come for free as our takeoff weight increases along with the range.  We 
increased our range by 304.5 nautical miles and it approximately increased our takeoff weight by 
1,802.3 pounds. 
Table 4.2.1-1: Values that are Assumptions and Parameters for Range Trade Study 
 
The Initial Weight Sizing calculations were conducted with our own limits and specifications with 
the example aircraft the Eclipse 500.  We knew we wanted to do a jet trainer, so we compared our 
calculations and values to similar aircraft.  After creating Phoenix IV, changing the value for the range 
was an easy feat.  Table 4.2.1-1 (above) shows every assumed value we used in our calculations.  Table 
4.2.1-2 (below) shows all values that were given to us by previous calculations and textbooks used. 
Table 4.2.1-2: Given Values for Range Trade Study 
 




Table 4.2.1-3: Weight Ratios for Range Trade Study 
 
The weight ratios were affected by this change in range.  The “Fuel to Take-off” weight ratio 
section increased as the range did.  This is simply showing that as the further you are traveling the more 
fuel weight is required.  The “Loiter to Cruise” weight ratio that remained the same.  The weight ratios 
that were reduced were the “Cruise to Climb” section, the “Empty to Takeoff” section, and the “Land to 
Take-off” section during the weight ratio calculations.  Table 4.2.1-3 (above) shows the values found and 
equations used during calculations for our weight ratios. 
The changes were not critical since our takeoff weight still stayed within our design limit of 
10,000 pounds, but the changes were apparent.  Table 4.2.1-4 (below) shows the equations used and 
values found while comparing our Guessed Takeoff Weight versus our Calculated Takeoff Weight.  The 
equations used were given to us by our textbook and some values were given by the weight ratios as 
shown in the previous table. 
Table 4.2.1-4: Calculated Takeoff Weight for Range Trade Study 
4.2.2 Payload Trade Study 
Another trade study we conducted was to show what would happen if the payload were 
increased.  This payload increase was the most important trade study since it would show explicitly how 
much the Phoenix IV could carry and still be able to take off.  This increase in payload will help showcase 
the aircraft’s capabilities to potential buyers. 
With an increase of 500 pounds in payload, the aircraft takeoff weight increased so much that it 
was nearly 500 pounds over the initial design limit of 10,000 pounds.  Additionally, this 500-pound 
increase in payload drastically increased the takeoff weight by approximately 3,241.3 pounds. 




Table 4.2.2-1: Values that are Assumptions and Parameters for Payload Trade Study 
 
Using once again the base values for Phoenix IV, changing the value for the payload was easy.  In 
total, additional weight was 1,060 pounds with the payload increase.  The increase in payload came with 
multiple problems.  Table 4.2.2-1 (above) shows every assumed value we used in our calculations and 
highlights the changed value for the payload.  Table 4.2.1-2 (below) shows all values that were given to 
us by previous calculations and textbooks used. 
Table 4.2.2-2: Given Values for Payload Trade Study 
 
Most of the weight ratios were not affected at all by this change in payload.  The only weight 
ratio that changed was the “Empty to Takeoff” section, which decreased.  Table 4.2.2-3 (below) shows 
the values found and equations used during calculations for our weight ratios. 
 




Table 4.2.2-3: Weight Ratios for Payload Trade Study 
 
Table 4.2.2-4: Calculated Takeoff Weight for Payload Trade Study  
  The Empty Weight increased by approximately 1,870.38 pounds.  These changes were very 
critical since this caused the takeoff weight to exceed the design limit of 10,000 pounds.  
Recommendations of limiting total additional weight to 950 pounds should be strictly adhered to for 
optimal results.  Table 4.2.2-4 (above) shows the equations used and values found while comparing our 
Guessed Takeoff Weight versus our Calculated Takeoff Weight. 
  




Chapter 5: Graphics 
5.1 Model 
 
Figure 5.1-1: Updated Model 1 for Phoenix IV 
 
Several changes were made to the model such as adding a basic nacelle to simulate the engine 
exhaust outlet and modifying the landing gear toward doing flow simulations on landing gear drag.  
landing gear drag.  This is shown in Figures 5.1-1 (above) and Figure 5.1-2 (below). 
 
 
Figure 5.1-2: Updated Model 2 for Phoenix IV 
 
Work is also being put into modeling the windows to see how they will affect the flow over the 
fuselage.  This is displayed in Figure 5.1-3 (below). 





Figure 5.1-3: Updated Model 3 for Phoenix IV featuring Windows 
 
5.2 Simulations 
When running simulations, they were always performed at sea-level, on a standard atmospheric 
day.  The air temperature was set to 59.83 degrees Fahrenheit and the reference air pressure was set to 
14.69595 lbf/in^2.  Velocity of the air flow was set to 1558.35in/s, which equates to 60 knots, our goal 
for the design stall speed. 
 
 
Figure 5.2-1: Flow Trajectories of Wing at 60 knots and 30 deg. of Flaps 
 
 




The flow trajectories, shown in Figure 5.2-1, show that the flaps do influence the lift generated 
by the wings.  Looking at the temperatures over the top surface of the wing in comparison to the 
bottom surface, a change in temperature can be observed.  The air flowing over the top of the wing 
shows a lower temperature to that under the wing.  Applying ideal gas laws, this suggests that there is a 
pressure difference also, assuming that the volume and mass of air remains constant.  Therefore, it can 
be expected that the flaps would increase lift generation when deployed. 
 
Figure 5.2-2: Goal Plots of Wing at 60 knots and 30 deg. of Flaps 
 
Figure 5.2-2 confirms these expectations, showing that the aircraft wing would produce enough 
lift at lower speed to maintain altitude with full flaps extended.  The wing produces 11156 lbf in the 
positive Y direction meaning, even if the aircraft were at its max weight of 10000 lbs, the aircraft has 
more lift than weight with a L/W ratio of 1.1156. 
 
 





Figure 5.2-3: Surface Plot of Pressure Concentrations 
 
Surface pressure contours show leading edge pressure zones on the outer regions of the wing 
and the entire leading edge of the horizontal stabilizer.  This is expected of the horizontal stabilizer but 




Figure 5.2-4: Cut Plot 1 of Pressure Concentrations 
 





Figure 5.2-5: Cut Plot 2 of Pressure Concentrations 
The Vorticity contours show more of the effects of the wing design on the lift produced.  They 
also draw attention to a separation of flow between the inner and outer regions of the wing. This is 
displayed in Figure 5.2-2 (above-above), Figure 5.2-3 (above), and Figure 5.2-4 (below). 





Figure 5.2-6: Cut Plot 3 of Pressure Concentrations 
 
Figure 5.2-7: Cut Plot 4 of Pressure Concentrations 
 
Two-dimensional pressure contours showed that the wing is producing symmetrical force on the 
yaw axis of the aircraft.  They also show a uniform low-pressure region over the top of the wing, 
meaning that it is producing relatively effective forces toward lift generation.  This is displayed in Figure 
5.2-5 (above), Figure 5.2-6 (below), and Figure 5.2-7 (below-below). 
 





Figure 5.2-8: Cut Plot 5 of Pressure Concentrations 
 
 
Figure 5.2-9: Cut Plot 6 of Pressure Concentrations 
 
  




5.3 Layout Design 
The layout of Phoenix IV was designed by the Chief Engineer.  It is optimized with the comfort of 
the instructor, the passengers, and most importantly the training pilot in mind.  Luggage storage will be 
placed in compartments under the seats for both safety and easy access. 
 
Figure 5.3-1: Top View of Phoenix IV Fuselage 
There will be enough room for four passengers in the cabin.  The cabin will feature 4 seats and 2 
foldable tables.  This is shown in Figure 5.3-1 (above) and Figure 5.3-2 (below).  We have yet to 
specify/research any entertainment features for those in the cabin such as television and stereo 
systems.  Depending on the reception of Phoenix IV, this is a possible configuration of the aircraft that 
will be thought about. 
 





Figure 5.3-2: Cross Section View of Phoenix IV Cabin 
 
An initial CAD model was also designed and modeled by the Chief Engineer, and it is featured in 
Figure 5.3-3 (below). 
 
Figure 5.3-3: Cut away View of Phoenix IV Interior Model 
 
 




Chapter 6: Calculations 
6.1 Hand Calculations 




𝐶 = .488 ∗ 0.70.728 = 0.3764 
The Thrust to Weight Ratio calculated using Statistical Estimation.  This ratio is later 
used to calculate the takeoff distance of the aircraft. 
𝐿𝑖𝑓𝑡 𝑡𝑜 𝐷𝑟𝑎𝑔 𝑅𝑎𝑡𝑖𝑜 = 
𝐿
𝐷𝑚𝑎𝑥























= 0.0454 (𝑑𝑢𝑟𝑖𝑛𝑔 𝑙𝑜𝑖𝑡𝑒𝑟) 
 The Thrust to Weight Ratio was calculated using the maximum coefficient of lift.  This 
information is important for understanding the aircraft’s performance throughout the flight mission. 
• Calculating Takeoff Weight: 
o Guessed W0 = 7230.5 lbs. 
𝑊𝑒
𝑊0


















𝑇𝑎𝑘𝑒𝑜𝑓𝑓 𝑊𝑒𝑖𝑔ℎ𝑡, 𝑊0(𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑) =
560
1 − 0.2687 − .6539
= 7230.52 𝑙𝑏𝑠 
 The Takeoff Weight was calculated using ASW Sizing calculations in which the initial weight was 
guessed and through a series of calculations and corrections using the equations above, the final Takeoff 
Weight was calculated.  This information was used in other points of calculations in regard to the 
aircraft’s weight during and after flight as well as to confirm that it is within the Very Light Jet category 
of aircraft.  
• Wing Loading for Cruise: 










 The wing loading was calculated using conditions for cruise altitude.  This formula specifically for 
maximum jet range.  This will help understand how the Phoenix IV will perform at the altitude it will 
spend most of its flight time in. 













) ∗ 0.1108 ∗ 0.3764
 
= 1235.2 𝑓𝑡 
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+ 1000 𝑓𝑡 = 1334.6 𝑓𝑡 
 The Takeoff and Landing distances were calculated using the historical wing loading for a trainer 
jet as depicted in Table 5.5 (Raymer 124).  This information was used in the mission profile as the ground 
roll values. 
 
6.2 Excel Calculations 
An extensive list of values and symbols was needed and used in the calculation of the weight of 
Phoenix IV.  This list includes aspect ratios for the Wing, the Vertical Tail, and the Horizontal Tail.  It also 
includes Wingspan, Tail Length, Horizontal Tail Aera, Flight Design gross Weight, and many more.  The 










Table 6.2-1: Symbols, Terminology, and Values for Weight Disciplinary Analysis 
 












All the major parts of the aircraft had their weights calculated and entered into the spreadsheet 
in order to properly calculate the total weight of the aircraft.  Each major component was meticulously 
calculated with all of the equations displayed as shown in Table 6.2-2 (above). 
Table 6.2-3: Calculated Aircraft Performance 
 
The Phoenix IV’s performance values were calculated using equations provided by the Aircraft 
Design: A Conceptual Approach book.  These are integral for calculated other aerodynamic analyses such 




















Chapter 7: Propulsion and Aerodynamics 
7.1 Propulsion 
A number of engines and their placements were considered.  After conducting research, it was 
concluded that a single modern engine produced ample thrust to lift the aircraft.  Utilizing a single 
turbofan engine greatly improved the economy of the design aircraft versus a dual-engine setup. 
Table 7.1-1: Engine Comparisons and Data 
A single engine carries higher operating risk, such as in the case of engine failure.  Engine 
considerations included the GE Honda HF120, Pratt & Whitney Canada PW615F, and Williams FJ33-5A.  
Comparisons were made by considering their weight, SFC, BPR and thrust.  The engine components that 
were used in the comparisons and their values can be found in Table 7.1-1 above. 
Several positions were considered for engine placement, more notably on the tail above the 
fuselage centered into the back of and in line with the fuselage since the aircraft was so small.  With a 
low wing position, placing an engine under the wing was not an option.  Instead, positioning the engine 
at the base of the tail was considered.  Mounting an engine high up on the tail introduced many factors 
that could potentially compromise the aircraft design.  For instance, positioning the engine too high on 
the tail will pitch aircraft down at low speeds which would lower maneuverability.  It is desirable to have 
the aircraft pitch up naturally, so avoiding decisions that would jeopardize this feature was necessary. 
Placing the engine aft of the wing and underneath the fuselage was an ideal engine placement 
location for the Phoenix IV.  Ideally, the engine would be in line with the center of gravity, eliminating 
any balancing issues in terms of engine placement.  This configuration was similar to the Diamond D-jet 
003.  With the engine behind control surfaces, several options are available concerning the engine 
intake system, such as armpit intakes. 
The propulsion calculations generally focused on performing the installed thrust procedure and 
finding the overall power required to overcome drag.  To find installed thrust, the manufacturer’s given 
thrust is corrected for drag and bleed.  This was another tool used to select an engine. 




Table 7.2-2: Thrust Installation Corrections 
 
Given the data shown in Figure 7.2-2 (above), the GE Honda HF120 was our best option.  With a 
thrust loss of about .03412%, a corrected thrust of about 2051 lbf, and a TSFC of 0.7 1/hr, it became 
abundantly clear that when compared with the PW615F and the FJ33-5A, the GE Honda HF120 was our 
clear choice and overall had the smallest thrust ratio when converted into installed thrust. 
Table 7.2-3: Propulsion Calculations 
 
The propulsion calculations shown in Figure 7.2-3 generally focused on performing the installed 
thrust procedure and finding the overall power required to overcome drag.  The power required was 
about 3050 ft*lb/s and the power of the engine was about 3589 ft*lb/s.  This reiterates that the GE 
Honda HF120 was and still is one of the best engines for Phoenix IV. 
  





Airfoils are the heart of the airplane, affecting several factors such as takeoff and landing 
distances, cruise speed, stall speed, handling, and overall aerodynamic efficiency.  The airfoil chosen for 
Phoenix IV is a modified NACA 6412.  The aerodynamic factors considered when selecting an airfoil 
included induced drag during cruise, stall behavior (manipulated with wing twist), and pitching moment 
characteristics. 
Table 7.2-1: Airfoil geometry data 
 
The camber was introduced for many reasons, including to avoid flow separation close to the 
leading edge at high speeds (reducing lift) and allow higher angles of attack to be achieved (producing 
lift at high angles of attack).  Additionally, Table 7.2-1 provides important airfoil/wing geometry. 
 
 
Figure 7.2-1: Point graph of NACA6412 airfoil 
   
The airfoil selected was a (modified) NACA6412, a hybrid airfoil made from combining a four-
digit NACA 0012 airfoil with a 64 camber line, meaning the max camber is 6% and is located 0.4 away 
from the Leading Edge.  This is shown in Figure 7.2-1 (above). 
  





Figure 7.2-2: Lift curve slope for NACA6412 
 
Above in Figure 7.2-2 depicts the key graphical data for the lift curve slope.  The lift curve 
slope is found by dividing the lift coefficient by the drag coefficient resulting in a value known as the lift-
to-drag ratio, the aerodynamic efficiency, or in this case the lift curve slope. 
 
  
Figure 7.2-3: Graph of NACA6412 drag polar 
 
Drag polar depicts the aircraft's performance for the entire flight envelope (at a given 
atmospheric condition and altitude).  Above, Figure 7.2-3 depicts graphical data for the drag polar at 
varying angles of attack. 





Aerodynamic calculations are essential for baseline testing of the aerodynamic capabilities of 
the aircraft.  For drag calculations, two methods were used to estimate the parasite drag coefficient.  
The first was equivalent skin friction method which was used as an initial estimate.  The second was 
component buildup method which provided a total parasite drag from the summation of individual 
component drag. 
Table 7.3-1: Component buildup method to find component drag 
 
Although not fully encompassing, the calculations shown in Table 7.3-1 (above) comes close to 
covering all major components of drag.  Since our calculated Reynolds number was in the low 500,000’s, 
an average of the laminar and turbulent flat plate skin coefficients was used.  The fineness ratio was 
found to be 4.8.  Component buildup method produced a total parasite drag of 0.14 which is within a 
desirable range. 
These Aerodynamic calculations were done by Adeline Perry during our Aircraft Design class.  
These calculations are based from the SolidWorks model of Phoenix IV and include Wing Aera, Induced 
Drag Coefficient, Total Drag, and Lift Coefficient.  The pages referenced in the description section of 
Table 7.2-1 are from “Aircraft Design: A Conceptual Approach (6th ed.). AIAA”, and is the main tool used 
in these calculations. 




Table 7.3-2: Aerodynamic analysis on wings 
 
The calculated values seen in Table 7.3-2 (above) portray wing lift and drag using values from 
the final aircraft model.  Overall lift of an aircraft is mostly determined by wing lifting capabilities.  Wing 
area and lift calculated from the SolidWorks model was used to find the lift coefficient.  Additionally, a 
maximum wing lift coefficient was calculated.  It was high – 12.31; but it matched our other data.  Taking 
the total weight of the aircraft from weight analysis calculations, the L/D ratio was 4.366.  This value is 
very important as it proves the wing is producing enough lift to overcome aircraft. 
Additionally, aerodynamic analysis was performed on the wings via CFD analysis to observe how 
the wing would perform at different speeds and angles of attack with and without flaps. 









AOA 0 deg 10 deg AOA 0 deg 10 deg
Flaps 0 deg 0 deg Flaps 10 deg 10 deg
SPEED (KIAS) LIFT (lbf) AVG SPEED (KIAS) LIFT (lbf) AVG Diff SPEED (KIAS) LIFT (lbf) AVG SPEED (KIAS) LIFT (lbf) AVG Diff
140 5294 2819.667 140 11584 6160 6290 140 8002 4193.667 140 14526 7744 6524
90 2190 90 4777 2587 90 3194 90 6025 2831
60 975 60 2119 1144 60 1385 60 2681 1296
AOA 0 deg 10 deg AOA 0 deg 10 deg
Flaps 20 deg 20 deg Flaps 30 deg 30 deg
SPEED (KIAS) LIFT (lbf) AVG SPEED (KIAS) LIFT (lbf) AVG Diff SPEED (KIAS) LIFT (lbf) AVG SPEED (KIAS) LIFT (lbf) AVG
140 10131 5299.333 140 13617 7279.667 3486 140 11155 5921 140 12821 6829.333 1666
90 4030 90 5694 1664 90 4621 90 5312 691
60 1737 60 2528 791 60 1987 60 2355 368




The results that are shown in Table 7.3-4 (above) and Figure 7.3-1 (below) showcase Phoenix IV 
at a max angle of attack (AoA) of 10 degrees and a minimum of 0 degrees.  Flaps were analyzed at 60 
knots (stall speed with full slaps), 90 knots (best climb speed), and 140 knots (max flap extend speed), all 
speeds gathered from the other aircraft of comparable dimensions. 
Figure 7.3-1: Lift vs Speed 
 
These results show the amount of lift produced at a certain AoA and flap angle when increasing 
the airspeed.  Airspeed is important, but we also wanted to analyze the amount of lift you can achieve 
when only the angle of flaps is manipulated at certain angles of attack.  When manipulating only the flap 
setting at either 0 degrees of AoA and 10 degrees of AoA reference Figure 7.3-2 (below). 
 
















Lift vs Flap Setting
AOA "0" deg AOA "10" deg




Chapter 8: Results and Discussion 
8.1 Budget 
The Budget we allocated for Phoenix IV was $1.4 Billion.  As shown in Chapter 3 section 6, the 
budget was mainly broken down into Development and Manufacturing.  Table 8.1-1 (below) shows an 
itemized list of components with regards to development costs.  Table 8.1-2 (below-below) shows an 
itemized list of components with regards to manufacturing costs.  All currency amounts are in millions 
(×106). 
Table 8.1-1: Itemized Development Budget List 
    Engineering Mechanical Equipment Tool Design Tool Fab Support Total 
 40% 10% 10.50% 34.80% 4.70% 100% 
Wing $104.13  $26.03  $27.34  $90.60  $12.24  $260.33  
Empennage $46.86  $11.72  $12.30  $40.77  $5.51  $117.15  
Fuselage $192.65  $48.16 $50.57  $167.60  $22.64  $481.62  
Landing Gear $5.21  $1.30  $1.37  $4.53  $0.61  $13.02  
Installed Engines $41.65  $10.41  $10.93  $36.24  $4.89  $104.13  
Systems $88.51  $22.13  $23.23  $77.01  $10.40  $221.28  
Payloads $41.65  $10.41 $10.93  $36.24  $4.89  $104.13  
Total $520.67  $130.17  $136.68  $452.98  $61.18  $1,301.67 
 
Table 8.1-2: Itemized Manufacturing Budget List 
   Labor Materials Other Total 
Wing $8.83  $2.96  $1.28  $13.05  
Empennage $3.35  $1.00  $0.48  $4.83  
Fuselage $9.50  $2.66  $1.37  $13.53  
Landing Gear $0.70  $0.64  $0.10  $1.45  
Installed Engines $2.88  $1.05  $0.42  $4.35  
Systems $2.02  $0.58  $0.30  $2.90  
Payloads $3.82 $0.94  $0.56  $5.32  
Final Assembly $2.59  $0.18  $0.13  $2.90  
Total $33.69  $10.02  $4.64  $48.33 
 
8.2 Trade Studies 
8.2.1 Range Trade Study 
We increased our range by 304.5 nautical miles and it approximately increased our takeoff 
weight by 1,802.3 pounds according to our Range Trade Study. 




Table 8.2.1-1: Values that are Assumptions and Parameters for Range Trade Study 
 
After creating Phoenix IV, changing the value for the range was an easy feat.  The changes were 
not critical since our takeoff weight still stayed within our design limit of 10,000 pounds, but the changes 
were apparent.  Table 8.2.1-1 (above) shows every assumed value we used in our calculations.  Table 
8.2.1-2 (below) shows the equations used and values found while comparing our Guessed Takeoff 
Weight versus our Calculated Takeoff Weight.  The equations used were given to us by our textbook and 
some values were given by the weight ratios as shown in the previous table. 
Table 8.2.1-2: Calculated Takeoff Weight for Range Trade Study 
 
8.2.2 Payload Trade Study 
The Payload Trade Study showed that the increase in payload came with multiple problems.  
With an increase of 500 pounds in payload, the aircraft takeoff weight increased so much that it was 
nearly 500 pounds over the initial design limit of 10,000 pounds. 




Table 8.2.2-1: Values that are Assumptions and Parameters for Payload Trade Study 
 
Using once again the base values for Phoenix IV, changing the value for the payload was easy.  
Table 4.2.2-1 (above) shows every assumed value we used in our calculations and highlights the changed 
value for the payload.  Additionally, the 500-pound increase in payload drastically increased the Takeoff 
Weight by approximately 3,241.3 pounds.  The Empty Weight increased by approximately 1,870.38 
pounds.  These changes were very critical since this caused the takeoff weight to exceed the design limit 
of 10,000 pounds.  Recommendations of limiting total additional weight to 950 pounds should be strictly 
adhered to for optimal results.  Table 8.2.2-2 (below) shows the equations used and values found while 
comparing our Guessed Takeoff Weight versus our Calculated Takeoff Weight. 
Table 8.2.2-2: Calculated Takeoff Weight for Payload Trade Study  
 






Figure 8.3-1: Surface Plot of Pressure Concentrations 
Surface pressure contours show leading edge pressure zones on the outer regions of the wing 
and the entire leading edge of the horizontal stabilizer.  This is displayed in Figure 8.3-1 (above). 
 
Figure 8.3-2: Cut Plot 1 of Pressure Concentrations 
The Vorticity contours show more of the effects of the wing design on the lift produced.  The 
maximum value of the Vorticity is 157.1 ft/s.  This is displayed in Figure 8.3-2 (above), Figure 8.3-3 
(below). 





Figure 8.3-3: Cut Plot 2 of Pressure Concentrations 
 
 
Figure 8.3-4: Cut Plot 5 of Pressure Concentrations 
2D pressure contours showed that the wing is producing symmetrical force on the yaw axis of 
the aircraft.  The pressure peaks at about 2148 lbf/ft^2 and the minimum value is 2077 lbf/ft^2.  This is 
displayed in Figure 8.3-4 (above), Figure 8.3-5 (below).  More images are available in Chapter 5 section 
2. 





Figure 8.3-5: Cut Plot 6 of Pressure Concentrations 
8.4 Hand Calculations 
Hand calculations were done to solidify our findings and validate our capabilities.  In-depth 
equations and steps are shown in Chapter 6.  Table 8.4-1 (below) displays the equation used, values 
found, and the units. 
Table 8.4-1: Hand Calculations 
Terms Equation Value Units 






 0.0454 N/A 
Thrust to Weight Ratio (takeoff) 𝑇
𝑊0
=  𝛼𝑀𝑚𝑎𝑥
𝐶  0.3764 N/A 
Lift to Drag Ratio 𝐿
𝐷𝑚𝑎𝑥





Calculated Takeoff Weight 
 








 7230.52 lbs 
Wing loading for Cruise 𝑊
𝑆



























8.5 Engine Selection and Propulsion Analysis 
Table 8.5-1: Thrust Installation Corrections 
 
Given the engine data shown in Figure 8.5-1 (above) and the propulsion calculations shown in 
Figure 8.5-1 (below), the GE Honda HF120 was our best option.  While Chapter 7 section 1 goes into 
further detail about what we were looking for and the justification of it, we selected the GE Honda. 
Table 8.5-2: Propulsion Calculations 
 
 
8.6 Airfoil Selection and Analysis 
8.6.1 Airfoil Selection 
The airfoil chosen for Phoenix IV is a modified NACA 6412.  The aerodynamic factors considered 
when selecting an airfoil included induced drag during cruise, stall behavior (manipulated with wing 
twist), and pitching moment characteristics.  Table 8.6.1-1 (below) provides important airfoil/wing 
geometry. 




Table 8.6.1-1: Airfoil geometry data 
 
8.6.2 Airfoil Analysis 
The camber was introduced for many reasons, including to avoid flow separation close to the 
leading edge at high speeds (reducing lift) and allow higher angles of attack to be achieved (producing 
lift at high angles of attack). 
  
Figure 8.6.2-1: Lift curve slope for NACA6412 
Above in Figure 8.5.2-1, depicts the key graphical data for the lift curve slope.  Below in Figure 
8.5.2-2, depicts graphical data for the drag polar at varying angles of attack. 
   





Figure 8.6.2-2: Graph of NACA6412 drag polar 
 
8.7 Aerodynamic Analysis 
An Aerodynamic analysis was performed on the wings via CFD analysis to observe how the wing 
would perform at different speeds and angles of attack with and without flaps.  In-depth information is 
explored in Chapter 7 and section 2. 









The results that are shown in Table 8.7-1 (above) and Figure 8.7-1 (below) showcases Phoenix IV 
at a max angle of attack (AoA) of 30 degrees and a minimum of 0 degrees.  Flaps were analyzed at 60 
knots (stall speed with full slaps), 90 knots (best climb speed), and 140 knots (max flap extend speed).  
The maximum lift produced was 13,617 lbs at 10 degrees of Flaps and AoA.  The minimum lift produced 
was 975 lbs at 0 degrees of Flaps and AoA. 
 
AOA 0 deg 10 deg AOA 0 deg 10 deg
Flaps 0 deg 0 deg Flaps 10 deg 10 deg
SPEED (KIAS) LIFT (lbf) AVG SPEED (KIAS) LIFT (lbf) AVG Diff SPEED (KIAS) LIFT (lbf) AVG SPEED (KIAS) LIFT (lbf) AVG Diff
140 5294 2819.667 140 11584 6160 6290 140 8002 4193.667 140 14526 7744 6524
90 2190 90 4777 2587 90 3194 90 6025 2831
60 975 60 2119 1144 60 1385 60 2681 1296
AOA 0 deg 10 deg AOA 0 deg 10 deg
Flaps 20 deg 20 deg Flaps 30 deg 30 deg
SPEED (KIAS) LIFT (lbf) AVG SPEED (KIAS) LIFT (lbf) AVG Diff SPEED (KIAS) LIFT (lbf) AVG SPEED (KIAS) LIFT (lbf) AVG
140 10131 5299.333 140 13617 7279.667 3486 140 11155 5921 140 12821 6829.333 1666
90 4030 90 5694 1664 90 4621 90 5312 691
60 1737 60 2528 791 60 1987 60 2355 368
















Chapter 9: Conclusions 
9.1 Achieved & Lessons Learned 
9.1.1 Achieved 
The aircraft did not exceed the 10000 lb. weight limit for a very light jet aircraft.  The aircraft, as 
designed, produces more thrust than drag, so it will be able to accelerate for takeoff. The aircraft 
produces enough lift such that it maintains level flight at lower speeds and can be considered a category 
A or B aircraft based on approach speeds.  Finally, the aircraft is not complex to operate system-wise or 
inherently unstable aerodynamically. 
 
9.1.2 Lessons Learned 
Through this project, we have become better at the many parts in designing an aircraft. Our 
modeling and simulation skills have improved tremendously, and we are much better at taking ideas 
from hand-drawings to 3D CAD models. We have also learned more about the material costs involved in 
an aircraft design, both for developing the aircraft and for manufacturing it. Most importantly, we have 
learned more about the research involved and how the iterative design process takes effect on a design 
made from scratch. 
 
9.2 Future Improvements and Optimizations 
9.2.1 Future Improvements 
• Design an Avionics Suite for the aircraft 
• More work on the interior model 
• Flow sims on ailerons, elevators, rudder, and spoilers 
• Design fuselage openings 
• Find a good way to model the inlet for the air that travels through the fuselage into the engine  
 
9.2.2 Optimizations 
With more computing power and years to put into this project, we would have been able to do 
more test to find the best airfoils for all of the control surfaces and any components that are exposed to 
the wind. Places of extreme interest would be where the fuselage meets the wing along with working on 
the shape and size of the opening for the engine inlet. This aircraft is far from production ready, but it is 
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Appendix C: Reflections 
Saxton Robinson 
This project started back in Aircraft Design for Eric, another student, and I.  Back then, we 
had to use everything we learned during our time doing the Aerospace minor.  The SolidWorks 
skills, the work/time management skills, and the art of not sleeping was gained during my time at 
Kennesaw State in general.  It definitely was not easy given that we had issues with our third 
teammate getting their part completed up until the last literal second.  The only reason we were 
able to complete our work was because of our very kind and caring professor pushed back our 
deadline technically twice. 
Currently, my only issues as project manager on this Senior project is finding a sweet spot 
in all of our very busy schedules during these troubling times and sticking to the deadlines.  The 
differences between Aircraft Design and now are that my teammates are still getting their work 
done and they update me on what they are going through.  These teammates have shown me 
with their communication that school group projects can still achieve great things. 
Eric Gentry 
Working on this project has been a learning experience and I am proud to see the 
progress in my skills as I continue to work on designs. I do have difficulty, however, with 
budgeting my time with projects in other classes so that is something to be mindful of as we 
continue. I look forward to seeing the results of our work on this project and how the final 
product will compare to our original goals. 
Daniyel Holmes 
  In my time learning at Kennesaw State University, I have gained a lot of skills. I initially 
started pursuing the Aerospace minor buy taking the Aerodynamics course in my Sophomore year 
and ended up not taking the rest of the courses required to complete the minor until my Senior 
year. I admit I had forgotten a lot that I had learned from the first course, but taking the rest in 
sequential order, two at the same time in one semester, has allowed me to brush up on previous 
knowledge and be fresh with the knowledge gained in the other course for me to use for this 
project. Taking on a project like this is a little tough because I am doing it in unison with the senior 
design course for my Mechanical Engineering major, however, the good teamwork and knowledge 
that my groups members have make working on this project more manageable. I believe we all 
face the issue of time management and respect the importance of communication seeing that we 
have to complete this project for the most asynchronously and from behind the safety of our 
computer screens , but it has been going well so far. I predict that we will continue to work well 
and keep each other accountable in order to complete this project on time and in its best 
condition. 
Navee Cheng 
Working on this project has helped me further utilize my skills learned in the classroom 
and apply them to real world problems. This is my last class before earning my minoring 
aerospace engineering. Even though I have a while before earning my major in mechanical 
engineering, I am making progress. Time is difficult to manage but no matter what, I still find a 
way to meet my deadlines. 




Appendix D: Full Gantt Chart 
This Gantt Chart will not display neatly in the actual report.  To include it still, as it is required, it is 
displayed here in the Appendices [Specifically Appx. D].  For a fuller and cleaner version, please request 
one from Project Manager Saxton Robinson, and he will gladly email the full Excel File. 
The PDR Section of the Gantt Chart: 
 
The IPR Section of the Gantt Chart: 
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